Introduction
There exist many mechanical, electrical, electro-mechanical, thermic, chemical, biological and medical linear and nonlinear systems, subject to parametric uncertainties and non standard disturbances, which need to be efficiently controlled. Indeed, e.g. consider the numerous manufacturing systems (in particular the robotic and transport systems,…) and the more pressing requirements and control specifications in an ever more dynamic society. Despite numerous scientific papers available in literature (Porter and Power, 1970)-(Sastry, 1999) , some of which also very recent (Paarmann, 2001)-(Siciliano and Khatib, 2009 ), the following practical limitations remain: 1. the considered classes of systems are often with little relevant interest to engineers; 2. the considered signals (references, disturbances,…) are almost always standard (polynomial and/or sinusoidal ones); 3. the controllers are not very robust and they do not allow satisfying more than a single specification; 4. the control signals are often excessive and/or unfeasible because of the chattering. Taking into account that a very important problem is to force a process or a plant to track generic references, provided that sufficiently regular, e.g. the generally continuous piecewise linear signals, easily produced by using digital technologies, new theoretical results are needful for the scientific and engineering community in order to design control systems with non standard references and/or disturbances and/or with ever harder specifications. In the first part of this chapter, new results are stated and presented; they allow to design a controller of a SISO process, without zeros, with measurable state and with parametric uncertainties, such that the controlled system is of type one and has, for all the possible uncertain parameters, assigned minimum constant gain and maximum time constant or such that the controlled system tracks with a prefixed maximum error a generic reference with limited derivative, also when there is a generic disturbance with limited derivative, has an assigned maximum time constant and guarantees a good quality of the transient. The proposed design techniques use a feedback control scheme with an integral action (Seraj and Tarokh, 1977) , (Freeman and Kokotovic, 1995) and they are based on the choice of a suitable set of reference poles, on a proportionality parameter of these poles and on the theory of externally positive systems (Bru and Romero-Vivò, 2009 ). The utility and efficiency of the proposed methods are illustrated with an attractive and significant example of position control. In the second part of the chapter it is considered the uncertain pseudo-quadratic systems of limited and models possible disturbances and/or particular nonlinearities of the system. For this class of systems, including articulated mechanical systems, several theorems are stated which easily allow to determine robust control laws of the PD type, with a possible partial compensation, in order to force y and y to go to rectangular neighbourhoods (of the origin) with prefixed areas and with prefixed time constants characterizing the convergence of the error. Clearly these results allow also designing control laws to take and hold a generic articulated system in a generic posture less than prefixed errors also in the presence of parametric uncertainties and limited disturbances. Moreover the stated theorems can be used to determine simple and robust control laws in order to force the considered class of systems to track a generic preassigned limited in "acceleration" trajectory, with preassigned majorant values of the maximum "position and/or velocity" errors and preassigned increases of the time constants characterizing the convergence of the error.
Part I

Problem formulation and preliminary results
Consider the SISO n-order system, linear, time-invariant and with uncertain parameters, described by , xA xB u yC xd
where: n xR ∈ is the state, uR ∈ is the control signal, dR ∈ is the disturbance or, more in general, the effect y . This is one of the main and most realistic problem not suitable solved in the literature of control (Porter et al., 1970 )-(Sastry, 1999 ). There exist several controllers able to satisfy the 1. and/or 2 specifications. In the following, for brevity, is considered the well-known state feedback control law with an integral (I) control action (Seraj and Tarokh, 1977) , (Freeman and Kokotovic, 1995 
in the Laplace domain the considered control scheme is the one of Fig. 2 . and also consider the possible uncertainty of a g . Finally, it is clear that, for the controllability of the process, the parameter b must be always not null. In the following, without loss of generality, it is supposed that 0. b − > Remark 4. In the following it will be proved that, by using the control scheme of Fig. 2 , if (2) is satisfied then the overshoot of the controlled system is always null. From the control scheme of Fig. 2 
from (4) 
the sensitivity function () Ss of the error and the constant gain v K turn out to be: 
from (4) and from the first of (7) 
from which, if all the poles of ( ) p Ss have negative real part, it is 1 ()
where 
Proof. By using the change of scale property of the Laplace transform, (8) and (10) it is 1 1 1 1 11 11 
252
By using again the change of scale property of the Laplace transform, by taking into account (10) and (11) 
From the second of (7) and from (10), (14), (18), (20) Then the parameters of the controller, designed by using the nominal parameters of the process and the nominal poles, turn out to be:
Moreover the polynomial of the effective poles and the constant gain are:
where: 
Proof. The proof is obtained by making standard manipulations starting from (5), from the second of (7) and from (10). For brevity it has been omitted. 
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Proof. The proof is obtained by making standard manipulations and for brevity it has been omitted. Now, as pre-announced, some preliminary results about the externally positive systems are stated. 
i.e. without zeros, with a real pole p and a couple of complex poles j α ω ± , is externally positive iff p α ≤ , i.e. iff the real pole is not on the left of the couple of complex poles.
Proof. By using the translation property of the Laplace transform it is
First main result
The following main result, useful to design a robust controller satisfying the required specifications 1, holds. Theorem 6. Give the process (3) Proof. The proof of the first part of the theorem easily follows from (23) and from the fact that bb − = and nn aa
In order to prove the second part of the theorem note that, from (22), (24), (25) and (26), for ˆτ
the roots of ( ) ds are equal to the ones of ˆ( ) ds and the zeros of ˆ() ns are always on the right of the roots of ˆ( ) ds and on the left of the imaginary axis (see Figs. 3, 4; from Fig. 4 it is possible to note that if the poles P are all in 1 − then the zeros of ˆ() ns have real part equal to ˆ/2 ρ − ), it is that the root locus of ( ) ds has a negative real asymptote and n branches which go to the roots of ˆ() ns . From this consideration the second part of the proof follows. From Theorems 3 and 6 several algorithms to design a controller such that , , 1, 2 ,..., , A very simple algorithm is the following.
Algorithm 1
Step 1. By using (33) and (34), { }max Step 2. ρ is iteratively increased, if necessary, until by using (28) (Butterworth, 1930) , (Paarmann, 2001 ).
Second main result
The following fundamental result, that is the key to design a robust controller satisfying the required specifications 2., is stated. 
and hence the proof.
Remark 7. The choice of P and the determination of a ρ such that (36) is valid, if the uncertainties of the process are null, are very simple. Indeed, by using Theorems 4 and 5, it is sufficient to choose P with all the poles real or with at least a real pole not on the left of each couple of complex poles (e.g. . If the process has parametric uncertainties, it is intuitive that the choice of P can be made with at least a real pole dominant with respect to each couple of complex poles and then to go on by using the Theorems of Sturm and/or Kharitonov or with new results or directly with the command roots and with the Monte Carlo method. Regarding this the following main theorem holds. (22), (24), (25) and (26), for ρ big enough it is ˆ( ) () () () ds ds ds h ns ≅=+ . From this the proof easily follows. In the following, for brevity, the second, third, fourth-order control systems will be considered. Theorem 9. S o m e s e t s o f r e f e r e n c e p o l e s P which satisfy Theorem 8 are: 
α =
). Proof. The proof easily follows from the root loci of () () () ds ds h ns =+ (see Figs. 5, 6 ). To verify the externally positivity of a third-order system the following theorems are useful. Figs. 7, 8) . From this the proof easily follows. 
in the two cases of polynomial ( ) ds − with all the roots real negative and of polynomial () ds − with a real negative root on the right of the remaining complex roots (see Figs. 9, 10) , the proof easily follows. Finally, from Theorems 7, 9, 11 and by using the Routh criterion the next theorem easily follows. Theorem 12. Give the process (3) Under the hypothesis that each activation system is an electric DC motor (with inertial load, possible resistance in series and negligble inductance of armature) powered by using a power amplifier, the model of the process turns out to be www.intechopen.com 
it is 12 1.8 2.7, 0, 310 512 
Part II
Problem formulation and preliminary results
Now consider the following class of nonlinear dynamic system 
where tR ∈ is the time, f R ∈ is a limited vector which models possible disturbances and/or particular nonlinearities of the system. In the following it is supposed that there exists at least a matrix ( , ) 
Proof. The proof can be found in (Celentano, 2010) .
Main results
Now the following main result, which provides a majorant system of the considered control system, is stated. generic preassigned limited in "acceleration" trajectory, with preassigned increases of the maximum "position and/or velocity" errors and preassigned increases of the time constants characterizing the convergence of the error.
Conclusion
In this chapter it is has been considered one of the main and most realistic control problem not suitable solved in literature (to design robust control laws to force an uncertain parametric system subject to disturbances to track generic references but regular enough with a maximum prefixed error starting from a prefixed instant time). This problem is satisfactorily solved for SISO processes, without zeros, with measurable state and with parametric uncertainties by using theorems and algorithms deriving from some proprierties of the most common filters, from Kharitonov's theorem and from the theory of the externally positive systems. The considered problem has been solved also for a class of uncertain pseudo-quadratic systems, including articulated mechanical ones, but for limitation of pages only the two fundamental results have been reported. They allow to calculate, by using efficient algorithms, the parameters characterizing the performances of the control system as a function of the design parameters of the control law.
